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page 3 of this paper. 

Remarks begin on page 1 7 of this paper. 



ApplNo. 10/691,122 



Amendments to the Specification : 

Please amend the title to read as follows: 

METHOD AND APPARATUS FOR AUTOMATIC LOCATION OF BLOOD 
FLOW WITH DOPPLER ULTRASOUND 
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Amendments to the Claims : 

This listing of claims will replace all prior versions, and listings, of claims in the 
application. Please add new claims 87-124, as follows: 



Listing of Claims : 



1-32. (Cancelled) 

33. (Original) A method of treating a patient suffering from thrombosis, the 
method comprising: 

positioning a single ultrasound probe proximate a body surface of the patient, the 
single probe having a diagnostic mode and a therapeutic mode; 

in the diagnostic mode, administering a diagnostic ultrasound from the single 
probe to the patient at a first frequency ; and 

in the therapeutic mode, administering therapeutic ultrasound from the single 
probe to the patient at a second frequency to enhance a thrombolytic action of a thrombolytic 
agent. 

34-39. (Cancelled) 

40. (Original) The method of claim 33 wherein the single ultrasound probe 
comprises a plurality of transducer elements arranged in an array, the array defining an area. 

41. (Original) The method of claim 40 wherein each of the transducer 
elements is triangular shaped, and the area is hexagonal shaped. 

42. (Original) The method of claim 40 wherein each of the transducer 
elements is rectangular shaped, and the area is polygonal. 
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43. (Original) The method of claim 40 wherein the plurality of transducer 
elements comprises 128 transducer elements. 

44. (Original) The method of claim 40 wherein administering ultrasound in 
the diagnostic and therapeutic modes is controlled by a computer. 

45-46. (Cancelled) 

47. (Original) A method of treating a patient suffering from thrombosis, the 
method comprising: 

selecting a region on a body surface of the patient; 

placing on the body surface a single ultrasound probe having a plurality of 
transducer elements arranged in an array, the array defining a plurality of areas within the region; 

administering pulsed ultrasound from the ultrasound probe to a first one of the 
areas during a diagnostic mode and evaluating a window through that first area; 

if the window through the first area is not an optimum window, administering the 
pulsed ultrasound to a second one of the areas in the diagnostic mode and evaluating a window 
through the second area, at least a portion of the second area including at least a portion of the 
first area; 

repeating the administration of the pulsed ultrasound to another area in the 
diagnostic mode if prior areas administered with pulsed ultrasound do not substantially include 
the optimum window, until an area having substantially the optimum window is located; and 

administering the ultrasound in the therapeutic mode from the single ultrasound 
probe through the area having substantially the optimum window. 

48. (Original) The method of claim 47 wherein the ultrasound administered in 
the therapeutic mode comprises pulsed or continuous-wave ultrasound. 
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49. (Original) The method of claim 47 wherein each of the transducer 
elements is triangular shaped, and the area is hexagonal shaped. 

50. (Original) The method of claim 47 wherein each of the transducer 
elements is rectangular shaped, and the area is polygonal shaped. 

51. (Original) The method of claim 47 wherein administering the pulsed 
ultrasound in the diagnostic mode comprises administering the pulsed ultrasound at a frequency 
different from a frequency of the ultrasound administered in the therapeutic mode. 

52. (Original) The method of claim 47 wherein the ultrasound in the 
therapeutic mode is administered simultaneously with the pulsed ultrasound of the diagnostic 
mode. 

53. (Original) The method of claim 47 wherein administering the pulsed 
ultrasound in the diagnostic mode, repeating the administering, and administering ultrasound in 
the therapeutic mode are controlled by a computer. 

54-62. (Cancelled) 

63. (Original) An apparatus to treat a patient suffering from thrombosis, the 
apparatus comprising: 

a single ultrasound probe structured to transmit pulsed ultrasound in a diagnostic 
mode, and ultrasound in a therapeutic mode, the ultrasound having a characteristic in the 
therapeutic mode that is different from a characteristic of the pulsed ultrasound in the diagnostic 
mode; and 

a controller structured to switch the single ultrasound probe between the 
diagnostic and therapeutic modes and to process ultrasound Doppler signals returned by the 
single ultrasound probe during the diagnostic mode. 
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64-67. (Cancelled) 

68. (Original) The apparatus of claim 63 wherein the single ultrasound probe 
comprises plurality of transducer elements arranged in an array, the array defining an area. 

69. (Original) The apparatus of claim 68 wherein each of the transducer 
elements is triangular shaped, and the area is hexagonal shaped. 

70. (Original) The apparatus of claim 68 wherein each of the transducer 
elements is rectangular shaped, and the area is polygonal. 

71. (Original) The apparatus of claim 68 wherein the plurality of transducer 
elements comprises 128 transducer elements. 

72-86. (Cancelled) 

87. (New) A Doppler ultrasound system for monitoring blood flow, 

comprising: 

an ultrasound transducer having a plurality of ultrasound transducer elements; 

an ultrasound pulser circuit operatively coupled to the ultrasound transducer and 
configured to generate signals to drive a set of elements of the plurality of ultrasound transducer 
elements to radiate an ultrasound beam; 

an ultrasound receiving circuit operatively coupled to the ultrasound transducer 
and configured to process signals detected from reflections of the ultrasound beam by at least a 
portion of the plurality of ultrasound transducer elements and generate processed data therefrom 
representative of reflected signal power of blood flow; and 

a computer operatively coupled to the ultrasound pulser circuit and the ultrasound 
receiving circuit, the computer configured to control the ultrasound pulser circuit to drive 
different sets of elements of the ultrasound transducer, control the ultrasound receiving circuit to 



Page 6 of 17 



ApplNo. 10/691,122 



generate processed data for the different sets of elements, and further configured to analyze the 
processed data for the different sets of elements to determine a window through which blood 
flow is detected, the window generally defined by a selected one of the sets of elements for 
which processed data is provided by the ultrasound receiving circuit and operating conditions for 
the pulser and receiving circuits for the selected set of elements. 

88. (New) The Doppler ultrasound system of claim 87 wherein the ultrasound 
transducer comprises an ultrasound transducer having an array of triangular shaped ultrasound 
transducer elements. 

89. (New) The Doppler ultrasound system of claim 88 wherein the ultrasound 
pulser circuit comprises an ultrasound pulser circuit configured to generate signals to drive 
groups of six triangular shaped ultrasound transducer elements arranged in a hexagonal shape to 
radiate an ultrasound beam, and the ultrasound receiving circuit comprises an ultrasound 
receiving circuit configured to process signals detected from reflections of the ultrasound beam 
radiated by any of the groups of ultrasound transducer elements and generate the processed data 
therefrom. 

90. (New) The Doppler ultrasound system of claim 87 wherein the ultrasound 
transducer comprises an ultrasound transducer having an array of quadrilateral shaped ultrasound 
transducer elements. 

9 1 . (New) The Doppler ultrasound system of claim 90 wherein the ultrasound 
pulser circuit comprises an ultrasound pulser circuit configured to generate signals to drive 
groups of four adjacent quadrilateral shaped ultrasound transducer elements to radiate an 
ultrasound beam, and the ultrasound receiving circuit comprises an ultrasound receiving circuit 
configured to process signals detected from reflections of the ultrasound beam radiated by any of 
the groups of ultrasound transducer elements and generate the processed data therefrom. 
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92. (New) The Doppler ultrasound system of claim 87 wherein the computer 
comprises a computer configured to control the ultrasound pulser circuit to generate the signals 
driving the set of elements of the plurality of ultrasound transducers to radiate and steer the 
ultrasound beam by electronically controlling the elements of the set of ultrasound transducer 
elements, the computer further configured to control the ultrasound receiving circuit to process 
signals detected from reflections of the ultrasound beam radiated from the electronically 
controlled elements. 

93. (New) The Doppler ultrasound system of claim 92 wherein the computer 
is configured to control the ultrasound pulser circuit to generate the signals driving the set of 
elements of the plurality of ultrasound transducers to radiate and steer the ultrasound beam by 
electronically phasing the elements and is further configured to control the ultrasound receiving 
circuit to process signals detected from reflections of the ultrasound beam radiated from the 
electronically phased elements. 

94. (New) The Doppler ultrasound system of claim 87 wherein the computer 
comprises a computer configured to execute a pattern recognition algorithm that determines from 
the processed data the window through which blood flow is detected. 

95. (New) A Doppler ultrasound system for monitoring blood flow, 

comprising: 

an ultrasound transducer having a plurality of ultrasound transducer elements; 

an ultrasound pulser circuit operatively coupled to the ultrasound transducer and 
configured to generate signals to drive a set of elements of the plurality of ultrasound transducer 
elements to radiate an ultrasound beam; 

an ultrasound receiving circuit operatively coupled to the ultrasound transducer 
and configured to process signals detected from reflections of the ultrasound beam by at least a 
portion of the plurality of ultrasound transducer elements and generate processed data therefrom 
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representative of detected blood flow including reflected signal power of the detected blood 
flow; and 

a computer operatively coupled to the ultrasound pulser circuit and the ultrasound 
receiving circuit, the computer configured to control the ultrasound pulser circuit to drive 
different sets of elements of the ultrasound transducer, control the ultrasound receiving circuit to 
generate processed data for the different sets of elements, and further configured to analyze the 
processed data for the different sets of elements to select one set of elements from which the 
ultrasound beam is radiated and blood flow is detected. 

96. (New) The Doppler ultrasound system of claim 95 wherein the ultrasound 
transducer comprises an ultrasound transducer having an array of triangular shaped ultrasound 
transducer elements. 

97. (New) The Doppler ultrasound system of claim 96 wherein the ultrasound 
pulser circuit comprises an ultrasound pulser circuit configured to generate signals to drive 
groups of six triangular shaped ultrasound transducer elements arranged in a hexagonal shape to 
radiate an ultrasound beam, and the ultrasound receiving circuit comprises an ultrasound 
receiving circuit configured to process signals detected from reflections of the ultrasound beam 
radiated by any of the groups of ultrasound transducer elements and generate the processed data 
therefrom. 

98. (New) The Doppler ultrasound system of claim 95 wherein the ultrasound 
transducer comprises an ultrasound transducer having an array of quadrilateral shaped ultrasound 
transducer elements. 

99. (New) The Doppler ultrasound system of claim 98 wherein the ultrasound 
pulser circuit comprises an ultrasound pulser circuit configured to generate signals to drive 
groups of four adjacent quadrilateral shaped ultrasound transducer elements to radiate an 
ultrasound beam, and the ultrasound receiving circuit comprises an ultrasound receiving circuit 
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configured to process signals detected from reflections of the ultrasound beam radiated by any of 
the groups of ultrasound transducer elements and generate the processed data therefrom. 

100. (New) The Doppler ultrasound system of claim 95 wherein the computer 
comprises a computer configured to control the ultrasound pulser circuit to generate the signals 
driving the set of elements of the plurality of ultrasound transducers to radiate and steer the 
ultrasound beam by electronically controlling the elements of the set of ultrasound transducer 
elements, the computer further configured to control the ultrasound receiving circuit to process 
signals detected from reflections of the ultrasound beam radiated from the electronically 
controlled elements. 

101. (New) The Doppler ultrasound system of claim 100 wherein the computer 
is configured to control the ultrasound pulser circuit to generate the signals driving the set of 
elements of the plurality of ultrasound transducers to radiate and steer the ultrasound beam by 
electronically phasing the signals driving the elements and is further configured to control the 
ultrasound receiving circuit to process signals detected from reflections of the ultrasound beam 
radiated from the electronically phased elements by phasing the detected signals. 

102. (New) The Doppler ultrasound system of claim 95 wherein the computer 
comprises a computer configured to execute a pattern recognition algorithm that determines from 
the processed data which set of elements from which the ultrasound beam is radiated and blood 
flow is detected. 

103. (New) A Doppler ultrasound system, comprising: 

an ultrasound transducer having an array of ultrasound transducer elements; 

an ultrasound pulser circuit coupled to the ultrasound transducer to drive a 
selected plurality of the ultrasound transducer elements to deliver an ultrasound beam; 

a processing circuit coupled to the ultrasound transducer to process signals 
detected from reflections of the ultrasound beam by the selected plurality of ultrasound 
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transducer elements and generate Doppler shift data in response thereto representative of blood 
flow information; and 

a computer coupled to the processing circuit to execute a software algorithm that 
analyzes the Doppler shift data and determines which of the selected plurality of ultrasound 
transducer elements of the array provide an optimum location from which to deliver ultrasound 
and detect the signals from reflections of the ultrasound beam to acquire blood flow information. 

104. (New) The Doppler ultrasound system of claim 103 wherein the 
ultrasound transducer comprises an ultrasound transducer having an array of triangular shaped 
ultrasound transducer elements. 

105. (New) The Doppler ultrasound system of claim 104 wherein the 
ultrasound pulser circuit comprises an ultrasound pulser circuit configured to generate signals to 
drive groups of six triangular shaped ultrasound transducer elements arranged in a hexagonal 
shape to deliver the ultrasound beam, and the processing circuit comprises a processing circuit 
configured to process signals detected from reflections of the ultrasound beam delivered by any 
of the groups of ultrasound transducer elements and generate the Doppler shift data 
representative of the blood flow information in response thereto. 

106. (New) The Doppler ultrasound system of claim 103 wherein the 
ultrasound transducer comprises an ultrasound transducer having an array of quadrilateral shaped 
ultrasound transducer elements. 

107. (New) The Doppler ultrasound system of claim 106 wherein the 
ultrasound pulser circuit comprises an ultrasound pulser circuit configured to generate signals to 
drive groups of four adjacent quadrilateral shaped ultrasound transducer elements to deliver the 
ultrasound beam, and the processing circuit comprises a processing circuit configured to process 
signals detected from reflections of the ultrasound beam delivered by any of the groups of 
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ultrasound transducer elements and generate the Doppler shift data representative of the blood 
flow information in response thereto. 

108. (New) The Doppler ultrasound system of claim 103 wherein the computer 
comprises a computer further configured to control the ultrasound pulser circuit to generate the 
signals driving the set of elements of the plurality of ultrasound transducers to radiate and steer 
the ultrasound beam by electronically controlling the elements of the set of ultrasound transducer 
elements, the computer further configured to control the processing circuit to process signals 
detected from the reflections of the ultrasound beam radiated from the electronically controlled 
elements. 

109. (New) The Doppler ultrasound system of claim 108 wherein the computer 
is configured to control the ultrasound pulser circuit to generate the signals driving the set of 
elements of the plurality of ultrasound transducers to radiate and steer the ultrasound beam by 
electronically phasing the signals driving the elements and is further configured to control the 
ultrasound receiving circuit to process signals detected from reflections of the ultrasound beam 
radiated from the electronically phased elements by phasing the detected signals. 

110. (New) The Doppler ultrasound system of claim 108 wherein the 
processing circuit is further configured to process the signals detected from the reflections of the 
ultrasound beam radiated from the electronically controlled elements and generate Doppler shift 
data for a plurality of control conditions representative of blood flow information, and the 
computer is further configured to analyze the Doppler shift data for the plurality of control 
conditions to determine an optimum control condition to acquire blood flow information. 

111. (New) The Doppler ultrasound system of claim 1 03 wherein the computer 
comprises a computer configured to execute a pattern recognition algorithm that determines from 
the Doppler shift data which selected plurality of ultrasound transducer elements provide an 
optimum condition. 
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1 12. (New) In a Doppler ultrasound system, a method of detecting blood flow, 

comprising: 

providing an ultrasound transducer having a plurality of ultrasound transducer 

elements; 

delivering ultrasound from groups of ultrasound transducer elements, each group 
defining a transmitting group; 

analyzing signals detected from reflections of the ultrasound beam at groups of 
ultrasound transducer elements to determine blood flow information for each of the groups, each 
group defining a receiving group; and 

determining from the blood flow information for each of the transmitting and 
receiving groups a selected transmitting group and a selected receiving group of ultrasound 
transducer elements representing an optimum set of ultrasound transducer elements for 
monitoring blood flow. 

113. The method of claim 112 wherein a receiving group of ultrasound 
transducer elements at which reflected ultrasound signals are detected is the same as the 
transmitting group of ultrasound transducer elements from which the ultrasound is delivered. 

114. (New) The method of claim 112 wherein providing the ultrasound 
transducer comprises providing an ultrasound transducer having an array of triangular shaped 
ultrasound transducer elements. 

115. (New) The method of claim 114 wherein delivering ultrasound from 
transmitting groups of ultrasound transducers comprises delivering ultrasound from groups of six 
triangular shaped ultrasound transducer elements arranged in a hexagonal shape. 

116. (New) The method of claim 112 wherein providing the ultrasound 
transducer comprises providing an ultrasound transducer having an array of quadrilateral shaped 
ultrasound transducer elements. 
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117. (New) The method of claim 116 wherein delivering ultrasound from 
transmitting groups of ultrasound transducers comprises delivering ultrasound from groups of 
four adjacent quadrilateral shaped ultrasound transducer elements. 

118. (New) The method of claim 112, further comprising 

electronically controlling the ultrasound transducer elements of a transmitting 
group to steer the ultrasound beam delivered by the transmitting group of ultrasound transducer 
elements; 

processing signals detected from the reflections of the ultrasound beam radiated 
from the electronically controlled elements detected by a receiving group to generate processed 
data representative of detected blood flow and reflected signal power of the detected blood flow 
for a plurality of control conditions; and 

analyzing the processed data for the plurality of control conditions to determine 
an optimum control condition for detecting blood flow. 

119. (New) The method of claim 118 wherein electronically controlling the 
ultrasound transducer of a transmitting group to steer the ultrasound beam comprises 
electronically phasing the signals driving the transducer elements of a transmitting group and 
wherein processing signals detected from the reflections of the ultrasound beam radiated from 
the electronically controlled elements comprises processing signals detected from reflections of 
the ultrasound beam radiated from the electronically phased elements by phasing the detected 
signals. 

120. (New) The method of claim 112, further comprising executing a pattern 
recognition algorithm to determine from the blood flow information the optimum location for 
detecting blood flow. 
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121. (New) In a Doppler ultrasound system, a method of determining an 
optimum window through which blood flow is detected, the method comprising: 

selecting a region on a body surface of the patient; 

placing on the body surface a single ultrasound probe having a plurality of 
transducer elements arranged in an array, the array defining a plurality of areas within the region; 

administering ultrasound from the ultrasound probe to a first one of the areas; 
evaluating a window through the first area; 

if the window through the first area is not an optimum window, administering the 
ultrasound to a second one of the areas, at least a portion of the second area including at least a 
portion of the first area; 

evaluating a window through the second area; and 

repeating the administration of the ultrasound to another area if prior areas 
administered with ultrasound do not substantially include the optimum window, until an area 
having substantially the optimum window is located. 

122. (New) The method of claim 121, further comprising 

electronically controlling the ultrasound transducer elements of a transmitting 
group to steer the ultrasound beam delivered by the transmitting group of ultrasound transducer 
elements; 

processing signals detected from reflections of the ultrasound beam radiated from 
the electronically controlled elements detected by a receiving group to generate processed data 
representative of detected blood flow and reflected signal power of the detected blood flow for a 
plurality of control conditions; and 

analyzing the processed data for the plurality of control conditions to determine 
an optimum control condition for detecting blood flow. 

123. (New) The method of claim 121 wherein electronically controlling the 
ultrasound transducer of a transmitting group to steer the ultrasound beam comprises 
electronically phasing the signals driving the transducer elements of the transmitting group and 
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wherein processing signals detected from the reflections of the ultrasound beam radiated from 
the electronically controlled elements comprises processing signals detected from reflections of 
the ultrasound beam radiated from the electronically phased elements by phasing the detected 
signals. 

124. (New) The method of claim 121, further comprising executing a pattern 
recognition algorithm to determine from the blood flow information the optimum location for 
detecting blood flow. 
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REMARKS 

Claims 33, 40-44, 47-53, 63, 68-71, and 87-124 are currently pending in the 
present application. Claims 33, 40-44, 47-53, 63, and 68-71 were previously pending, and 
claims 87-124 have been added by amendment. 

Claims 87-124 have been added to claim alternative embodiments of the 
invention described in the specification. Support for the subject matter of claims 87-124 can be 
found in the specification, including the figures and originally filed claims. No new matter has 
been added by claims 87-124. 

All of the claims pending in the present application are in condition for allowance. 
Favorable consideration and a timely Notice of Allowance is earnestly solicited. 
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